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SUMMARY 
 The Kangaroo Coal Mine is an open cut truck and shovel operation located within the 
Gunnedah Basin in New South Wales. The aim of this study was to investigate the financial 
feasibility of highwall mining using CAT® HW300 at the Kangaroo Coal Mine. To achieve 
this, costs were estimated, highwall mining pillar and extraction panel dimensions were 
designed, reserves were created, scheduled and financially evaluated.  
Highwall Mining Index was used as a preliminary indication of whether further planning and 
financial feasibility should be completed. It was indicated that the Kangaroo Coal Mine had 
good potential for highwall mining and in-depth planning and financial feasibility should be 
conducted.  
Panels were designed for each individual seam based on seam thickness and corresponding 
cutter-head module; pillar dimensions were designed using tributary theory where a safety 
factor of 1.3 was applied. 
Several constraints were considered such as equipment constraints limiting maximum seam 
dip and penetration recovery. Geological constraints includes geological faults and geological 
uncertainty due to lack of exploration drilling. Multi-seam constraints include only mining 
one seam when the interburden thickness is less than 5m and aligned pillars between seams 
with less than 10m interburden thickness.  
Reserves were created based on panel dimensions, pillar dimensions and constraints on 
highwall mining. It was found the total highwall mining reserve was 3.9 Mt, which was 
24.8% of the total resource along the final highwall.  Significant amount of resource were lost 
in coal pillars (4.3Mt) and geological faulting (3.3Mt). A schedule was completed, and found 
the equipment will only be fully utilised two out of its thirteen years of operation.  
Financial technical modelling was conducted based on assumed financial parameters. It was 
found the total NPV for the project was -16.8Mt. Even though, the operating margin was 
positive, the capital of the project was never fully recovered. It was calculated the NPV cut-
off sales price was $AUD93/t of coal. 
Recommendations include evaluating selling products such as low rank metallurgical coal, 
and low ash thermal coal and to further evaluate methods to improve equipment utilisation. 
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1. INTRODUCTION 
1.1 BACKGROUND 
1.1.1. Location 
The Kangaroo Coal Mine is located within the Gunnedah Basin in New South Wales. The 
mine is approximately 20km North East of the Boggabri Township and approximately 350km 
North West of Newcastle port where coal is railed to and shipped from. 
1.1.2. Kangaroo Coal Mine 
The Kangaroo Coal Mine is an open cut truck and shovel operation. Currently, the annual 
sales is 7Mtpa and with 7.9Mtpa of ROM coal production. Onsite facilities include an 
electrical substation, a coal handling and processing plant, and a train load out.  
As seen in Figure 1, the final highwall design was plotted in red on top of the current aerial 
photo.  Pit crest progression was also plotted to demonstrate when highwall would be 
available for highwall mining. The eastern highwall will be completed by 2024. It can also be 
seen, the eastern highwall turns and swings back around, this is likely to create additional 
areas where highwall mining is available. 
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Figure 1. Kangaroo Coal Mine Aerial and pit progression.  
1.1.3. Geology 
The Kangaroo Coal Mine targets seams as low as the Merriown Seam (see Figure 2) with 
plans to potentially target the Valyama Seam, Nagero Seam and the Northam Seams. Due to 
the uncertainty around extracting seams below the Merriown Seam, this project limits 
highwall mining to as deep as the Merriown Seam. Figure 3 demonstrates the seam dip in a 
west-east cross section. As it can be seen, seams generally dips towards the east due to the 
Boggabri volcanic day-lighting in the west. Many of the upper seams will eventually be 
unrecoverable due to oxidation.  
The seams currently targeted by the truck and shovel operation can be seen in Figure 2. 
However, only the Braymont, Bollol Creek, Jeralong and Merriown Seams will be targeted 
through highwall mining. This was mostly due to the uncertainty of extracting upper seams 
due to the line of oxidation as well as minimal seam thickness that makes highwall mining 
difficult. 
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Figure 2. Kangaroo Coal Mine Targeted Seams. 
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Figure 3. Kangaroo Coal Mine Seam Depth Plot. 
 
1.1.4. Highwall Mining Overview 
Some open cut mining operations are currently operating at an uneconomic strip ratio due to 
the recent downturn in the coal industry (Minerals Councils of Australia, 2015). Companies 
are seeking to reduce strip ratio, decrease unit cost and improve mine economics. Highwall 
mining method could potentially achieve the goal of decreasing current strip ratio and 
increasing the life of the mine by extracting coal outside of the current final highwall, without 
an underground operation.  
Highwall mining remotely extracts a series of unsupported parallel drives using a continuous 
miner from existing final highwall faces where coal is exposed. The drives are self-supported 
from existing coal pillars and roofs left behind. Typically, a highwall miner is able to achieve 
300m penetration behind the existing highwall, with yearly production of up to 2Mtpa and a 
lower unit cost compared to most underground mining methods (Adhikary, Shen, and Duncan 
Fama, 2002).  
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Figure 5 demonstrates how the CAT® HW300 operates with a cross section of a final 
highwall. As can be seen, the equipment operates in the open cut area, with no personnel or 
equipment going underground except for the push beams and the cutter module. 
1.1.5. Equipment 
The Cat® HW300 can be used in three highwall mining scenarios (Figure 4): 
 Open cast, where coal is extracted from the final highwall of an open cut coal mine; 
 Trench mining, where coal is mined from a trench developed specifically for the 
highwall miner; and 
 Contour mining, where coal seam is exposed to the side of the mountain. 
 
Figure 4. Types of Highwall Mining (Hansen and Kelly, 2014). 
Traditionally highwall miners use either an auger system or a continuous miner to extract coal 
from the highwall. Other forms of highwall mining have been undertaken by producers 
including Archveyor highwall systems and BHP’s steep dip continuous highwall miner 
(Hanson and Kelly, 2014). The Cat® HW300 machine utilised both of these technology, 
where the continuous miner is used as the cutter module and two augers are used to transport 
coal through the push beams. The push beams prevent roof caving dilution when transporting 
coal from the cutter head to the surface. Figure 5 shows the HW300 machine with a section 
view of the highwall. 
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Figure 5. CAT® HW300 Diagram (Hansen and Kelly, 2014). 
There are four continuous cutter heads sizes available for selection as seen in Figure 6 and 
Figure 7. Hansen and Kelly (2014) suggest not all cutter heads may be necessary for a 
highwall mining operation. The cutter head size should be limited to two or three based on 
seam thickness variations, this will also reduce time lost from changing cutter heads. 
 
Figure 6. Extra Low and Low Profile Cutter Module. 
 
Figure 7. Mid-Seam and High-Seam Cutter Module. 
Table 1 presents the specifications of the HW300 machine that are important to this research 
project.  
7 
__________________________________________________________________________ 
 
Table 1.  
Equipment Parts Significant to Project. 
Part Specification and comments 
Cutter Head 
Depths of up to 300m. 
3 heights available: 
 Small, 0.76-1.62m (2.95m width); 
 Medium, 1.3-3.05m (3.5m width); and 
 Large, 2.84-5.08m (4m width). 
Push Beams 
Each 6m long; able to deviate 2% gradient per beam. Total 
of 8% downdip. 
Anchoring System Drill into the bench floor of up to 2.4m. 
Cables and Pipes 
Electric power cables, hydraulic and coolant lines, and 
cutter head control cables are stored on an automatic reel. 
Below push beans when underground to avoid damage. 
Tracks 
The machine utilises tracks for fast movement, it requires a 
minimum of 18m wide working bench. 
Navigation and Steering Internal navigation allowed for cutterhead position. 
Natural Gamma Sensor 
(Optional) 
Can be mounted on top and bottom of the cutter head. 
Allows operator to leave coal on roof and/or floor to target 
better quality coal. 
1.2 REVIEW OF COAL PILLAR DESIGN 
Shen and Duncan Fama (1999) conducted a case study documenting the history of Australian 
highwall mining. It focused on geotechnical issues affecting highwall mining performance for 
four highwall mining operations that were operating within Australia: Oakey Creek Mine, 
German Creek Mine, Moura Mine and Ulan Mine. Oaky Creek Mine pillar failure was then 
closely analysed. Shen and Duncan Fama (1999) then produced a list of important factors that 
could contribute to a successful highwall mining operation: 
 Comprehensive geological information; 
 Span stability assessed with remedial measures where appropriate; 
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 Design which takes into consideration pillar strength including roof and floor 
interactions; 
 Pillar and span integrity preservation using a guidance system; 
 Critical panel width which considers the failure of isolation barriers; 
 In situ stress concentration near highwall; and 
 On-going mining conditions, monitored throughout the operation. 
Figure 8 outlines the distribution of incidents in auger and highwall mining in USA. AS can 
be seen, groundfall issues cause 30% of all fatal incidents.  
Figure 9 is a research conducted on the relative loss percentage on different categories for a 
set of Factor of Safety (FoS). As can be seen in this figure, as FoS increases to 2 or greater, 
ground control issues are minimal, and most time loss is on geology which can be improved 
but has a high inherent risk due to its uncertainty.  As expected, lower FoS has greater issues 
with rockfalls. 
 
Figure 8. US Historical Incidents in Auger and Highwall Mining (Zipf and Bhatt, 2004) 
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Figure 9. Relative Loss % for Highwall Mining Issues at Different FoS (Zipf and Bhatt, 2004). 
 
 
1.3 AIM AND OBJECTIVES 
The aim of this study is to investigate the financial and technical feasibility of highwall 
mining using CAT® HW300 at the Kangaroo Coal Mine. This will be achieved through: 
 Extraction panel and pillar designs; 
 Resource and reserve estimation; 
 Scheduling; 
 Operating and capital cost estimation; and 
 Financial modelling. 
1.4 RELEVANCE TO INDUSTRY 
Finding additional recoverable resource at a low operating cost due reduced strip ratios could 
potentially increase the economic viability of current operations. Further mine specific 
investigation can be conducted to: 
 Increase economic feasibility of operations currently operating uneconomically; 
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 Increase the life of mine towards the end of mine life; and  
 Reduce strip ratio for more deposits to become economically feasible. 
This research project may benefit the company that provided the data in estimating additional 
resources gained through highwall mining. This project will also provide some insight for 
other open cut operations to gain additional resources before the open cut operation transitions 
into underground. 
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2. METHODOLOGY 
The methodology used in order to evaluate the financial feasibility include: 
 Estimation of the desirability of highwall mining at the Kangaroo Coal Ming using the 
Highwall Mining Index; 
 Highwall stability investigation after panel extraction; 
 Extraction panel design based on equipment dimensions and panel width to height 
ratio; 
 Pillar design based on geotechnical stability, extraction panel dimensions and desired 
factor of safety; 
 Consideration of geological, equipment and multi-seam highwall mining constraints; 
 Creating reserve solids based on extraction panel design, pillar design and constraints; 
 Schedule of the cut blocks, considering pit progression and dump progression; 
 Estimation of capital and operational expenditure for highwall mining at the Kangaroo 
Coal Mine; 
 Financial modelling based on schedule and estimated costs; and 
 Providing recommendations based on financial feasibility of the project. 
12 
__________________________________________________________________________ 
3. HIGHWALL MINING INDEX 
3.1 OVERVIEW 
Highwall Mining Index (HMI) was developed as a part of an ACARP project in 2001 aimed 
to provide general guidelines for highwall mining design (Fama, Shen and Maconochie, 
2001). Highwall Mining Index will be used as an initial investigation to evaluate the potential 
for highwall mining at the Kangaroo Coal Mine. A confidence level was then assigned to each 
parameter by estimating the certainty of the data provided and estimated. Preliminary 
guidance for highwall mining feasibility can be estimated by plotting HMI and highwall 
mining confidence level on Figure 10. 
 
Figure 10. Highwall Mining Index and Confidence Level Evaluation. 
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3.2 SITE PARAMETER EVALUATION 
Table 2 outlines the parameters included to evaluate Highwall Mining Index. Preliminary site parameters are highlighted in green. Where higher 
alphabetical rank order in the table are weighted heavier towards the HMI, and the same alphabetical rank are weighted the same. 
Table 2.  
Highwall Mining Index Evaluation at The Kangaroo Coal Mine (Fama, et al, 2001). 
Rank Parameter 
Condition 
Excellent 
(100rating>80) 
Good (80rating>60) Fair (60rating>40) Poor (40rating>0) No-go (rating=0) 
A Roof 
condition 
Strong to very strong 
roof rocks; thickly 
bedded; joints with 
wide spacing. No 
alternation and 
weathering. 
Moderately strong roof 
rock; medium bedded; 
joints with moderate 
spacing. Slight 
alternation and 
weathering. 
Moderately weak roof 
rocks; thinly bedded; 
joints with close 
spacing. Alternation 
and weathering. 
Weak roof rocks; very 
thinly bedded; joints 
with very close 
spacing. Strong 
alternation and 
weathering. 
Extremely weak to very 
weak rock; laminated; 
joints with very close 
spacing. Severe 
weathering  
B1 Mineable 
Reserves 
>1500 m highwall 
 
500 m to 1500 m 
highwall  
250 m  to 500 m 
highwall 
100 m to 250 m 
highwall 
<100 m highwall 
B2 Seam gas 
(methane) 
Very low methane 
content (<0.1m
3
/t). No 
concern to mining 
Low methane content 
in general. (0.1-1m
3
/t).  
Higher gas only in 
localised pockets.  
Seam methane = 1-
5m
3
/t. Gas problems 
could be encountered 
occasionally in reserve.  
Seam gas (5-10m
3
/t). 
Gassy seam and gas 
problems are expected 
to be encountered 
throughout. 
Seam methane >10m
3
/t 
B3 Seam Dip +0° to -4° +0° to +1°, or -4° to -7° +1° to +2°, or -7° to -
10° 
+2° to +4°, or -10° to -
15° 
>+4, <-15,  
B4 Highwall/low
wall stability 
Smooth highwall wall. 
No hanging blocks. No 
major joint sets or 
faults. No risk of large 
scale lowwall instability 
Localised loose rock 
blocks. Slight 
weathering, Minor 
joints/cracks. No 
discernible risk of 
lowwall instability 
Common small rock 
falls. Dense jointing. No 
risk of large scale 
highwall instability. 
Very low risk of lowwall 
instability. Possible 
block falls.  
Large rock falls. 
Weathered. Wedges 
and slabs formed by 
joints. Some risk of 
local lowwall instability 
but manageable.  
Grossly unstable 
highwall. Significant 
risk of large scale 
lowwall instability.  
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Rank Parameter 
Condition 
Excellent 
(100rating>80) 
Good (80rating>60) Fair (60rating>40) Poor (40rating>0) No-go (rating=0) 
C1 Seam 
continuity 
Seam is consistent with no 
faulting or folds 
Structures which slightly 
reduce seam thickness. 
Only small faults and 
undulations 
Structures which reduce 
thickness by up to 50%. 
Seam changes direction by 
5° in folds 
Structures which reduce 
thickness over 50%. Faults 
and distinct folds are 
common. 
Seam 
heavily 
affected 
by 
faulting 
and 
folding. 
C2 Pit 
condition, 
preparation 
No loose material, dry, no 
floor work. 
<0.5 m loose material. 
Water puddles. Shave 
floor. 
<2 m loose material. 
Pumping required. Some 
mud. Soft floor. 
>2 m loose material. Major 
pumping and mud clean up. 
Floor repairs required. 
Pit width 
<30 m. 
C3 Seam 
quality 
Medium to hard export 
coking coal. No in-seam 
parting or stone bands 
Soft coking coal and 
export steaming coal. 1 
or 2 stone bands. 
Any unwashed product 
which is saleable. Many 
partings and stone bands. 
Coal not in previous 
categories which must be 
washed for sale. Many stone 
bands. 
 
C4 Floor 
condition 
Strong floor rocks. 
Unaffected by water. 
Weak to moderately 
strong floor rocks. May 
be wet but not muddy. 
Weak floor rocks. 
Occasionally muddy.  
Very weak floor rocks (clay). 
Wet and muddy throughout. 
 
C5 Ground 
water 
Dry environment. No water 
gets into the mining 
entries. 
Seasonal dry and wet 
environment. Some 
water into entries but is 
manageable. 
Generally wet environment.  
Some water problems 
could be expected at fault 
zones. 
Very wet environment. 
Water gets into entries from 
the pit and from the ground. 
It may flood the entry. 
 
D1 Coal 
strength  
Lab coal UCS > 30MPa. 
Limited coal joints with 
wide spacing. 
Lab coal UCS=20-
30MPa. Coal joints with 
moderate spacing. 
Lab coal UCS=10-20MPa. 
Coal joints with close 
spacing. 
Lab coal UCS <10MPa. 
Heavily cleated. Coal joints 
with very close spacing. 
 
D2 Cover depth 
(overburden 
+ spoil) 
Overburden depth <80 m 
in the reserve 
Overburden depth 50 – 
100 m. 
Overburden depth 60 – 
120 m, possible stress 
concentration near highwall 
Overburden depth 80 – 150 
m, possible significant stress 
concentration near highwall 
 
 
D3 
 
Subsidence 
 
Surface subsidence not an 
issue. 
Minor subsidence effects 
but all contained on 
lease. Minimal 
rehabilitation efforts. 
Some subsidence or water 
effects off site but 
controllable. Rehabilitation 
could be costly. 
No subsidence is allowed. 
Significant water effects off 
site. Major rehabilitation 
costs. Subsidence control is 
critical. 
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Rank Parameter 
Condition 
Excellent 
(100rating>80) 
Good (80rating>60) Fair (60rating>40) Poor (40rating>0) No-go (rating=0) 
D4 Seam 
thickness 
>3.5 m 2.5 m- 3.5 m 2.0 m – 2.5 m 1.5 m  - 2.0 m 
<1.5 m.  
D5 Mobilisation 
and service  
Equipment, service 
capacity and skilled mining 
crew are available on site. 
Equipment, service 
capacity and skilled 
mining crew are 
available in mines 
nearby. 
Equipment, service 
capacity and skilled mining 
crew are available 
interstate. 
Equipment and service 
capacity are available 
overseas. New mining crews 
need to be trained. 
 
 
 
Highwall mining index can be calculated using Equation 1 (Fama, et al, 2001).  
4/14.08.02.16.1 )( DCBAHMI        Equation 1 
 
Where A B C and D  are the weighted average from each rank as demonstrated in Equation 2 (Fama, et al, 2001).  
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3.3 HIGHWALL MINING INDEX CONFIDENCE LEVEL 
For the fifteen parameters used to estimate the highwall mining index, each parameter is 
assigned a confidence level from zero to one hundred (Fama, Shen and Maconochie, 2001). 
Whilst the confidence levels for some parameters are high, such as pit condition preparation, 
other parameters such as seam dip and subsidence are low due to lack of geological drilling in 
parts beyond the final highwall and lack of underground experience for underground.  
The overall HMI confidence can be calculated in Equation 3 (Fama, Shen and Maconochie, 
2001). 
4/14.08.02.16.1 )(
DCBAHMI
CCCCC     Equation 3 
Where  
A
C  ,
B
C ,
C
C  and
D
C are the weighted average confidence level from each rank as 
demonstrated in Equation 4 (Fama, Shen and Maconochie, 2001).  
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Table 3 outlines the confidence level estimated for each of the parameters. 
Table 3.  
Highwall Mining Confidence Level Estimation. 
Parameter Rank Estimated Confidence Level 
A 80 
B1 95 
B2 40 
B3 65 
B4 80 
C1 75 
C2 85 
C3 95 
C4 95 
C5 80 
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D1 60 
D2 95 
D3 40 
D4 75 
D5 60 
 
3.4 HIGHWALL MINING INDEX RESULTS 
From the analysis, it was found the Highwall Mining Index at the Kangaroo Coal Mine was 
70 with a Confidence Level of 62%. This places the site within Region 1 where the site has 
good potential for highwall mining based on preliminary investigations (Figure 11). Fama, 
Shen and Maconochie recommends further planning and financial analysis to determine the 
feasibility of the project. 
 
Figure 11. Highwall Mining Index Analysis at The Kangaroo Coal Mine. 
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4. HIGHWALL STABILITY IN HIGHWALL MININNG 
4.1 OVERVIEW 
During a highwall mining operation, the highwall must be stable to protect the safety of the 
operators and the machine itself, slope failure has proven to be a major hazard identified in 
highwall mining (Verma et al, 2013). It has been found extraction close to the vicinity of 
highwalls generally may have an impact on the overall slope stability. 
4.2 FACTOR OF SAFETY 
Factors that influence highwall stability include (Teymur, 2015): 
 Soil and rock strength; 
 Discontinuities and plane of weakness; 
 Groundwater and seepage; 
 External loading; and  
 Slope geometry. 
Factor of safety (FoS) is generally used in highwall stability analysis and can be calculated 
from Equation 5. A FoS of less than 1 will fail immediately, whereas FoS of greater than 1 
may or may not fail. Generally FoS is inversely proportional to the economics of a mine, 
therefore a FoS of 1.2-1.5 is generally used depending on the company’s risk profile. 
    
  
  
     Equation 5 
Where    is the yield stress of the pillar and    is the working stress of the pillar.  
4.3 TYPES OF FAILURES 
4.3.1 Overview 
There are four main types of highwall failures as seen in Figure 12.  
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Figure 12. Common Slope Failure Types (Banaras, 2000). 
4.3.2  Plane Failure 
A planar failure occurs when the plane of failure is in similar dip direction as the dip of the 
slope. The driving force of the material mass above the failure plane is greater than the 
resistance force within the plane of failure. This failure is generally created from geological 
structures such as faults or sediment layers as seen in Figure 12. This is a concern in highwall 
mining situation where geological faults and layering occurs within the coal seam.  
4.3.3 Wedge Failure 
When two fault planes intersect each other that both extends to the slope, a wedge is formed.  
If the angle of intersection is down dip towards the slope face, wedge failure could occur 
when the driving force of the material mass is greater than the resisting force between the 
planes and the material, as seen in Figure 12. Similar to planar failure, wedge failure could 
also be a concern in highwall mining.  
4.3.4 Toppling Failure 
Toppling failure occurs when columns of rock with steeply dipping discontinuities in the rock 
rotates about essentially a fixed point towards the bottom of the slope, as seen in Figure 12.  
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4.3.5 Circular Failure 
Circular failure generally occur within homogeneous soils where material slips in an arch 
from the slope face as seen in Figure 12. However, this is uncommon in highwall mining 
situations, but may occur around topsoil material.  
4.3.6 Cantilever Failure 
Cantilever failure occurs due to uneven loading. When the material is overhanging and its 
weight is not being supported by the material below. The weight is shifted to the material 
within the same layer causing tensile stress on the overhanging material, as seen in Figure 13. 
Cantilever failure is generally not considered a slope failure. In the case of highwall mining, 
cantilever failure could occur when coal pillars are not strong enough to support the 
overburden directly above. This may also occur in the event of a pillar collapse. 
  
Figure 13. Cantilever Failure (Banaras, 2000). 
4.4 SLOPE STABILITY ASSESSMENT 
Porathur et al (2014) investigated the slope stability using three-dimensional numerical 
modelling. The strength reduction method for determining factor of safety (FoS) is 
implemented in a software and applied the Mohr-Coulomb elasto-plastic material model. In 
order to properly assess the shear reduction in highwall mining; cohesion (c) and friction 
angle (φ) were reduced using Equation 6 and 7. 
       
 
 
      Equation 6 
            
      
 
     Equation 7 
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(Duncan Fama, Trueman and Craig, 1995) 
Where F is the factor of safety. 
The results of Porathur, Karekal, Palroy (2013) and Porathur’s (2014) study indicated that 
three dimensional analysis potentially provides more accurate results of slope stability 
compared with two dimensional analysis. It suggests in multi-seam highwall mining 
extraction, web pillar width should be similar to offer better stability of the structure. It was 
also recommended an ascending seam extraction order should be followed in open cast 
highwall mining since the bench will not be virgin rock. 
Research from numerical models (Appendix A Coal Pillar Modelling) found FoS of 1.16 was 
the point where the panel factor of safety no longer increases exponentially. Therefore, a FoS 
of 1.3 will be used as a target for panel and pillar designs.  
4.5 HIGHWALL MONITORING 
Highwall Slope Stability Radar (SSR) uses radar interferometry to monitor highwall 
movement required under statute laws. The highwall adjacent to the highwall miner requires 
regular examination for risks of slope failure. A desired area is selected, and the area is 
broken down into several finite elements. The pixel size is dependent on the overall area that 
requires monitoring.  
The following requirements were identified for slope monitoring systems in highwall mining 
(Sullivan, 1993):  
 The coverage of the SSR should be broad and uniform to monitor for slope failure 
mechanics; 
 The minimum deformation movement measurement accuracy is 10mm, but 1mm is 
more preferable; 
 The maximum range from the monitoring face should not exceed 500m; 
 Minimal dust and gas generation should be allowed for measuring accuracy; 
 The data should be easily interpretable by mining personnel; 
 The system should be safe and not hinder operational processes; and 
 The system should function economically. 
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Figure 14 demonstrates the desired monitoring area during a highwall mining operation. As 
can be seen, the optimal monitoring  height of the monitoring area is approximately 50-55m, 
and the width should range from two to three extraction panels.   
 
Figure 14. Optimal Slope Stability Radar Setup (Noon et al, 2000). 
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5. DESIGN PARAMETERS 
5.1 PANEL DESIGNS 
Highwall mining extraction panel design is a function of seam height, width to height ratio, 
equipment extraction height and width. Verma et al (2013) suggest extraction panel width to 
height ratio should be greater than 0.85 for highwall mining within Australia. Where the 
width to height ratio is below 0.85, spalling along the pillar becomes significantly more likely 
to occur (Verma et al, 2013). Failure could occur along the centre of the extraction panel wall 
or around the corners of the extraction wall. The type of spalling that occurs is mostly 
dependent on the cleat direction of the coal, the strength of the coal and the mass of the 
overburden (Verma et al, 2013). Therefore, based on these recommendations, the extraction 
panel width to height ratio will be greater than 0.85.  
Table 4 outlines the panel dimensions for each of the targeted highwall mining seams. The 
high-seam cutter module was selected for the Braymont and the Merriown Seam due to the 
height of the seam being above the maximum achievable by the mid-seam cutter module. The 
mid-seam cutter module was more suitable for the Bollol Creek and Jeralong Seam since the 
minimum extraction height of the high-seam cutter module is greater than the thickness of the 
seams. As can be seen, even though, the Braymont Seam ranges from 5 to 7m, only 4m can be 
extracted due to panel width to height ratio limitation.   
Table 4.  
Extraction Panel Design Dimensions. 
 
Seam Cutting Head Panel Width (m) Panel Height (m) 
Braymont High-Seam Cutter Module 3.5 4.0 
Bollol Creek Mid-Seam Cutter Module 3.5 2.2 
Jeralong Mid-Seam Cutter Module 3.5 2.8 
Merriown High-Seam Cutter Module 3.5 3 
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5.2 PILLAR DESIGNS 
Pillars were designed based on tributary area theory, where, each pillar accounts for the 
overburden mass directly above the pillar as well as half of the weight above each adjacent 
extraction panels. Equation 8 (Chen et al, 2013) demonstrates how the tributary theory can 
estimate the load on coal pillars.  
     Equation 8 
Where, WM is the extraction panel width (m), WP is the design pillar width (m), γ is the 
density of the overburden (t/m
3
), and H is the thickness of the overburden (m).  
Further, Chen et al (2013) suggest for panel length (penetration) significantly greater than 
pillar height or pillar width, Equation 9 can be used to calculate the coal pillar strength.   
    Equation 9 
Where, S1 is the in situ coal strength (MPa).  
Coal pillar safety factor (SF) can be calculated using the estimated pillar load and the coal 
pillar strength as seen in Equation 10 (Chen et al, 2013).  
  Equation 10 
By summarising Equation 8, 9 and 10, the pillar width can be calculated using Equation 11. 
  Equation 11 
A safety factor of 1.3 was applied based on typical highwall mining safe factor in Australia 
(Shen and Duncan Fama, 1999). Coal strength (UCS) for each individual seam was provided 
by site and overburden thickness was derived from topography and top of coal grids. Table 
5outlines the calculated pillar widths. As can be seen, the pillar widths are varying depending 
on overburden thickness.  
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These designs were then compared against the empirical model results found in Appendix A 
Coal Pillar Modelling. It was found the calculated pillar widths generally aligns with the 
empirical model.   
Table 5.  
Calculated Pillar Width. 
Seam UCS (MPa) Pillar Width (m) 
Braymont 11 3.8-4.0 
Bollol Creek 8 4.5-5.3 
Jeralong 14 2.2-2.5 
Merriown 13 2.1-2.4 
 
5.3 CONSTRAINTS 
5.3.1 Equipment Constraints 
Some equipment constraints include the dip in the direction of mining cannot exceed 10% 
(Hansen and Kelly, 2014). Even though the push beams offer the system more flexibility in 
the direction of the coal dip, 10% dip is too great for the equipment to extract coal without 
significant amount of roof or floor dilution. 
Additionally, the maximum penetration length of 300m cannot always be achieved. 
Therefore, a recovery factor of 90% was used as experienced at the East Canton mine using 
CAT® HW300 (Cox, 2013).  Penetration length may be cut short due to a number of factors 
such as: 
 Minor local faults that were not included in the geological model; 
 Greater than 10% seam dip not included in the geological mode; 
 Coal seam thinning below the minimum extraction height of the cutter module; 
 Potential highwall failure that deems the panel access inaccessible; 
 Breakdown due to blunt picks during extraction resulting in the remaining panel being 
uneconomic to continue extraction;  
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 Pillar failure; and 
 Minor roof collapses.  
5.3.2 Geological Constraints 
A number of geological constraints further reduce the reserves available for mining. As seen 
in Figure 15, there are three regional faults cutting through the southern highwall plotted in 
green. It was predicted these faults would also cause additional regional faults along the 
southern side of the eastern highwall. Therefore, no extraction will occur within 50m of the 
existing faults. Due to the direction of these regional faults, most of the southern eastern 
highwall mining resource was lost, as these faults cross all the way to the 300m penetration 
length.   
Additionally, it can be seen in the northern area of the eastern final highwall, there are only 
two relevant geological boreholes. This introduces significant amount of geological 
uncertainty. A 75% contingency factor was applied to the highwall mining extraction blocks 
to account for potential faults in the area and coal dipping greater than 10%.  
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Figure 15. Geological Constraints Plot. 
5.3.3 Multi-Seam Constraints 
If the distance between two working seams is insufficiently, the interburden between the two 
seams may interact and the strength of the overall system is less than that of the individual 
seams (Zipf and Bhatt, 2004). The worst-case scenario is when the pillar of the top seam is 
directly above the middle span of the lower seam (Mo et al, 2016) as seen in Figure 16.  
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Figure 16. Interburden Beam Failure Mechanism (Zipf, 2005). 
Perfectly aligning the pillars for both seams may be difficult, unless a guidance system is 
installed. Even if the pillars are aligned, the risk of interburden failure could still occur. This 
effect is exaggerated when the pillar height of the lower seam is high (Mo et al, 2016). This is 
demonstrated in Figure 17.  
 
Figure 17. Tall Pillar Failure Mechanism (Zipf, 2005). 
Zipf and Mark (2007) suggests interburden thickness of less than 4m is the critical thickness 
where beam failure could occur. Therefore, a nominal rule where interburden thickness is less 
than 5m, the activity is considered as high risk, and only one of the two seams will be 
extracted. Interburden thickness less than 5m occurs at sections of BC-JE interburden. 
Further, interburden thickness less than 10m requires aligned pillars between each seam as 
well as barrier pillars to prevent domino effect of pillar failure (Reed and Jones, 2015). 
Barrier pillars were designed using empirical models as seen in Appendix A Coal Pillar 
Modelling. 
5.4 RESERVES 
From the provided top of coal and floor of coal grids, each seam solids were created. 
Extraction panel and pillars designs were then cut from the seam solids. Geological, 
equipment and multi-seam constraints were then applied to create the reserve solids. The total 
highwall mining reserve at the Kangaroo Coal Mine was estimated to be 3.9Mt. Table 6 
outlines the resources unrecoverable from pillars and highwall mining constraints. It can be 
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seen the total recovered coal is 29.3% of the total highwall resource. 32% of the resource was 
lost in coal pillars and 24.8% lost through geological faults.  
Table 6.  
Kangaroo Coal Mine Highwall Resource Breakdown. 
Resource Type Coal  Resource (Mt) 
Recovered (Reserve) 3.9 
Coal Pillars 4.3 
Equipment Constraint (>10% dip) 0.3 
Equipment Constraint (90% Recovery) 0.4 
Geological Constraint (faulting) 3.3 
Geological Constraint (75% uncertainty contingency) 0.8 
Multi-Seam Constraint 0.2 
Total Resource 13.3 
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6. RISK ASSESSMENT 
6.1 OVERVIEW 
A broad-brush risk assessment (BBRA) was conducted to highlight the risks associated with 
highwall mining. This was managed using risk management analysis by identifying hazards 
associated with tasks and components of the research project. A risk rating is then determined 
by the severity and likelihood of the hazards identified. Figure 18 demonstrates the hazards 
risk assessment matrix based on hazards severity and frequency of occurrence. Table 7, Table 
8 and Table 9 present the definition for hazard categories, hazard frequency of occurrence 
categories and risk categories respectively. 
It was found roof failure is very common for highwall mining. Generally, small roof failures 
will cause dilution with minimal impact on production. However, the worst-case scenario may 
cause the push beams to be permanently buried in the highwall. The worst-case scenario was 
considered in the risk assessment due to its severity. Typical highwall mining roof failure 
mechanisms can be found in Appendix B Span Failure Mechanisms.  
Frequency of 
Occurrence 
Hazards Categories 
1 
Insignificant 
2 
Minor 
3 
Moderate 
4 
Major 
5 
Severe 
A 
Frequent 
H H U/A U/A U/A 
B 
Probable 
M H H U/A U/A 
C 
Occasional 
L M H H U/A 
D 
Remote 
L M M H H 
E 
Improbable 
L L M M H 
Figure 18. Hazard Risk Assessment Matrix (Ford, 2013). 
Table 7. 
Hazard Categories Definition (Ford, 2013). 
Category Description Definition 
1 Insignificant Insignificant impact mine operation or mine economics. 
2 Minor Minor impact mine operation or mine economics. 
3 Moderate Moderate impact mine operation or mine economics. 
4 Major Unable to continue operating without significant changes. 
5 Severe Unable to continue operating.  
 
Table 8. 
Hazard Frequency of Occurrences Definition (Ford, 2013). 
   31 
Category Description Definition 
1 Frequent Expected to occur frequently. 
2 Probable Likely to occur. 
3 Occasional Could occur. 
4 Remote Unlikely to occur. 
5 Improbable Will not occur under normal circumstances. 
 
Table 9.  
Risk Rating Definition (Ford, 2013). 
Category Description Definition 
U/A Unacceptable Task at unacceptable risk, carefully revise activity. 
H High Task at high risk, should revise activity. 
M Medium Task at medium risk, could revise activity. 
L Low Task at low risk, proceed with caution. 
 
6.2 HAZARDS IDENTIFICATION 
Table 10.  
Risk Rating of Identified Hazards. 
Hazard Frequency of 
Occurrence 
Hazard 
Category 
Risk 
Rating 
Highwall failure Remote Major H 
Pillar failure Remote Major H 
Roof failure Remote Major H 
Equipment failure Remote Minor M 
Power outage Occasional Minor M 
Interburden beam failure Remote Major H 
Geological uncertainty Occasional Minor M 
Roof and floor dilution Occasion Insignificant L 
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6.3 RISK MANAGEMENT AND CONTINGENCY PLAN 
Preventative controls measures are put in place to manage risks associated with the hazards identified. A contingency plan is also put in place as 
a last resort when control measures fail. This can be found in Table 11.  
Table 11.  
Highwall Mining Risk Management and Contingency Plan. 
Hazard Risk Rating Control Management Plan Contingency Plan 
Highwall Failure H 
Slope stability monitoring. 
Sound geotechnical highwall designs. 
Sound extraction panel designs.  
Control traffic within potentially affected areas. 
Develop TARP based on slope stability 
monitoring. 
Advance past current mining areas that are at risk. 
Pillar Failure H 
Sound extraction panel designs. 
Sound pillar designs. 
Limit disturbance on overburden directly above 
working areas.  
Barrier pillars to control pillar domino failure 
effect. 
Advance past current mining areas that are at risk. 
Panel roof failure H 
Where possible, mine to most competent roof. 
Design within panel width to height ratio. 
Covered push beams to minimise dilution. 
Withdraw equipment if significant amount of roof 
dilution is experienced. 
Equipment failure M 
Regular equipment maintenance. 
Pre-start inspections. 
Bring in specialised maintenance personnel’s from 
the supplier.  
Power outage M 
Regular maintenance on substation. 
Regular inspections on power lines. 
Backup generator to power equipment.  
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Interburden beam failure H 
Stacked pillars. 
Survey of pillar position. 
Survey of interburden beams. 
Single seam extraction when two seams are within 
critical interburden distance.  
Barrier pillars to prevent pillar failure. 
Slope stability montiroing. 
Abandon failed areas and continue extracting from 
a new safe working area. 
Geological uncertainty M 
Additional exploration drilling. 
Geological model update based on coal exposed on 
highwall. 
If a reserve panel cannot be extracted, the area 
should be re-designed to maximise production. 
Roof and floor dilution L 
Utilising push beams. 
Gyro sensor to detect coal & waste interface. 
Washing all coal produced from highwall mining. 
Blend with lower ash product to meet overall 
product specification. 
Decreased washed recovery to control product ash.  
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7. SCHEDULING 
A schedule was completed using the reserves. The schedule is assumed to commence in 2019 
where the CAT® HW300 is likely to require 2 years for ordering. The highwall miner will be 
on a top seam down approach to minimise subsidence on the current working bench and avoid 
pillar collapse below the working bench. This schedule aims to maximise production, 
therefore majority of the coal available for highwall mining was scheduled. The assumed 
production rate for the highwall miner was 250t/hr (Hansen and Kelly, 2014), at an 
availability of 80% and 50% utilisation, the annual production for the HW300 is 861ktpa.  
The highwall mining schedule by year can be seen in Figure 18. As seen from the schedule, in 
years 2020 and 2021, the highwall mining will be at its peak production. However, the 
equipment will only operate at its peak production during those two years. The peak in 
production was mostly due to the highwall swinging around creating additional highwall in a 
very short period.  
The average annual production was approximately 303kt, and the overall utilisation will be 
approximately 30% of the equipment full capacity.   
 
Figure 19. Highwall Mining Schedule. 
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8. FINANCIAL EVALUATION 
8.1 MINING OPERATING EXPENDITURE 
Figure 20 outlines the estimated operating expenditure for highwall mining from the 
R2Mining Estimation Guide (2014) adjusted for inflation. As can be seen, the total operating 
cost (OPEX) is $25.92/ROM t of coal. Majority of the operating cost was dominated by 
hourly labour. An additional $0.5/t was included for highwall clean-up since excavators are 
required to spend extra time cleaning up final highwall. This clean-up will decrease the 
likelihood of loose rock causing injury to personnel and damage to equipment.  
 
Figure 20. Highwall Mining Operating Expenditure (R2Mining, 2014). 
8.2 EQUIPMENT CAPITAL EXPENDITURE 
Figure 21 outlines the estimated capital expenditure (CAPEX) for highwall mining from the 
R2Mining Estimation Guide (2014) adjusted for inflation. As can be seen, the total capital 
cost was $33.6M. Of which, 58% was from equipment purchase. An additional $3.5M was 
included for relocation and transportation. 
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Figure 21. Highwall Mining Capital Expenditure (R2Mining, 2014). 
8.3 INPUT PARAMETERS 
Financial assumptions include: 
 7% interest rate; 
 8% operating margin; 
 65% wash recovery; 
 $4.5/ROM t washing cost; 
 $25 railing and port charges; and 
 5 year linear depreciation on capital.  
The sales price was assumed to be AUD$82/sales t for NewcastCoal as at 1/1/9 (Lin, 2016). 
Even though the Kangaroo Coal Mine is currently selling semi-soft coking coal, pulverised 
coal injection and low ash thermal coal products, this was achieved through thin ply mining. 
These products could be a potential highwall mining product, however, all product coal was 
assumed to be Newcastle Thermal Coal as a conservative approach.  
8.4 FINANCIAL TECHNICAL MODELLING 
A financial model was developed for the project based on the schedule and input financial 
parameters. It was found the Net Present Value (NPV) for the project was -$16.8M. Figure 22 
demonstrates the NPV by year. As can be seen, the NPV of the project does not become 
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positive. However, the operating margin is positive (revenue greater than operating cost). The 
capital expenditure for the equipment was never fully recovered.  
 
Figure 22. Project Net Present Value. 
It was found, the NPV cut-off sales price is approximately $AUD93/t. As seen in Figure 23, 
the coal price forecast continues to decrease from early 2017, where the physical price is the 
predicted spot price for Newcastle Coal, and the swaps price is the contracted price for 
Newcastle Coal. Therefore, it is recommended that the project to be revaluated when the two 
year coal price forecast reaches above $AUD93/t. 
 
Figure 23. Coal Price Forecast (Lin, 2016). 
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9. CONCLUSIONS 
The aim of this study was to investigate the financial feasibility of highwall mining using 
CAT® HW300 at the Kangaroo Coal Mine. To achieve this, highwall mining extraction panel 
and pillar dimensions were designed, reserves were created, scheduled, costs were estimated 
and the project was financially evaluated.  
Highwall Mining Index was used as a preliminary indication of whether further planning and 
financial feasibility should be completed. It was found the Kangaroo Coal Mine had good 
potential for highwall mining and in-depth planning and financial feasibility should be 
conducted.  
Panels were designed for each individual seam based on thickness and corresponding cutter-
head module. Pillar dimensions were designed using tributary theory where a safety factor of 
1.3 was applied. 
Several constraints were considered such as equipment constraints limiting maximum seam 
dip and penetration recovery. Geological constraint includes geological faults and geological 
uncertainty due to lack of exploration drilling. Multi-seam constraints include only mining 
one seam when the interburden thickness is less than 5m and aligned pillars between seams 
with less than 10m interburden thickness.  
Reserves were created based on panel dimensions, pillar dimensions and constraints on 
highwall mining. It was found the total highwall mining reserve was 3.9 Mt, which was 
24.8% of the total resource along the highwall.  Significant amount of resource was lost in 
coal pillars (4.3Mt) and geological faulting (3.3Mt).  
A schedule was completed, and found the equipment will only be fully utilised two out of its 
thirteen years of operation.  
It was estimated the operating expenditure of the project would be $25.92/ROM t and the 
capital expenditure of the project would be $33.6M. Assumed financial parameters include 
8% operating margin, $4.5/t washing cost, $25/sales t railing and shipping and 5 years linear 
depreciation.  
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From the financial model it was found the total NPV for the project was -$16.8M. Even 
though, the operating margin was positive, the capital of the project was never fully 
recovered. It was calculated the NPV cut-off sales price was $AUD93/t. 
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10. RECOMMENDATIONS 
It is recommended to further evaluate if highwall mining at the Kangaroo Coal Mine has the 
potential to yield semi-soft coking coal, pulverised coal injection and low ash thermal coal to 
achieve a better price for highwall mining coal products.  
An alternative highwall mining equipment could be considered that has a lower annual 
operating production rate and lower capital expenditure to attempt to fully utilise the 
equipment throughout its use on site. Additionally, sharing the equipment with a neighbouring 
mine or using contractors could be considered to achieve better utilisation of the equipment 
and consistent site labour personnel.  
Pit progression and dumping sequence could be re-scheduled to provide a smoother 
production rate for highwall mining. Currently some resource is lost in the area where the 
highwall turns due to dumping sequencing.  
It is recommended to revaluate the project when the two year forecast coal price will be 
greater than $AUD93/t for several years continuously so the project will produce a positive 
Net Present Value. 
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APPENDICES  
APPENDIX A COAL PILLAR MODELLING 
Highwall Mining Panel Stability Numerical Modelling 
Adhikary, Shen and Duncan Fama (2002) conducted a study of long-term highwall mining 
panel stability using local mine stiffness (LMS) theory through numerical modelling which 
leads to estimation of the panel factor of stability (PFS). LMS theory “estimates whether any 
small changes in the equilibrium state of the stress field in the mining region provikes a 
sudden release of energy or induces a large change in the geometry of the mining system” 
(Adhikary, Shen and Duncan Fama, 2002).  
The focus of pillar stability analysis is to ensure that the individual pillar failures do not lead 
to catastrophic failures. Adhikary, Shen and Duncan Fama (2002) suggested a method quick 
of estimating the average load on a pillar is to use the Equation 4. In this equation, the average 
pillar load is not dependant on the geotechnical properties of the pillar or surrounding 
rockmass.  
                       
  
     
    Equation 4 
Where   is the unit weight of the overburden, H is the depth below surface, and ER is the 
extraction ratio. 
Stability criterion requires that the sum of LMS and pillar stiffness to be positioned. Since 
LMS is always positive, instability due to pillar failure is when pillar stiffness is negative, and 
the absolute value of pillar stiffness is greater than LMS. Therefore Adhikary, Shen and 
Duncan Fama (2002) defined the panel factor of stability (PFS) to be the fraction of the 
absolute values of the two stiffness. It should be noted that the pillar stiffness only occurs 
when in the post peak range of the stress strain curve as demonstrated in Figure 24.   
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Figure 24. Typical Stress Strain Curve Demonstrating Negative Stiffness. 
From tests conducted, Adhikary, Shen and Duncan Fama (2002) found PFS to decrease 
dramatically after the FoS reaches below a critical level of 1.2 as seen in Figure 25. However, 
it must be noted, this is the critical FoS estimated by Adhikary, Shen and Duncan Fama 
(2002) for a different set of geotechnical parameters. Alterations must be made to this method 
to find a new critical FoS. 
 
Figure 25. Factor of Safety vs Panel Factor of Stability for Pillar Designs (Adhikary, Shen and Duncan Fama, 
2002). 
Empirical Modelling 
Zipf (2005) conducted another study on ground control design for highwall mining. The 
findings can be found in Figure 26. Graphs for depths of cover and pillar width vs height for a 
variety of conditions such as changing FoS, coal strength and drive width. Figure 27 is one of 
the empirical graphs produced by Zipf (2005). As can be seen, with increasing depths of 
cover, web pillar width must increase. Also, greater mining drive height will require greater 
pillar width. These graphs can be utilised in the analysis of the effect of varying drive 
dimensions on overall resource recovery. 
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Figure 26. Empirical Modelling of Pillar Dimensions. 
 
Figure 27. Suggested Pillar Width With FoS of 1.3, Coal Strength of 6.2 MPa and 2.65 m drive width (Zipf, 
2005).  
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APPENDIX B SPAN FAILURE MECHANISMS 
 
Figure 28. Coal Roof Span Failure Mechanisms. 
 
